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ABSTRACT EtkyBmx is the newest member of Btk ty-
rosine kinase family that contains a pleckstrin homology
domain, an src homology 3 domain, an src homology 2 domain,
and a catalytic domain. Unlike other members of the Btk
family kinases, which are mostly hemopoietic cell-specific,
EtkyBmx is preferentially expressed in epithelial and endo-
thelial cells. We first identified this kinase in prostate cancer
[Robinson, D., He, F., Pretlow, T. & Kung, H. J. (1996) Proc.
Natl. Acad. Sci. USA 93, 5958–5962). Here we report that Etk
is engaged in phosphatidylinositol 3-kinase (PI3-kinase) path-
way and plays a pivotal role in interleukin 6 (IL-6) signaling
in a prostate cancer cell line, LNCaP. Our evidence that
PI3-kinase is involved in Etk activation includes: (i) Wort-
mannin, a specific inhibitor of PI3-kinase, abolished the
activation of Etk by IL-6; (ii) a constitutively active p110
subunit of PI3-kinase was able to activate Etk in the absence
of IL-6; and (iii) a dominant negative p85 subunit of PI3-
kinase mutant blocked the activation of Etk by IL-6. Inter-
estingly, IL-6 treatment of LNCaP induced a remarkable
neuroendocrine-like differentiation phenotype, with neurite
extension and enhanced expression of neuronal markers. This
phenotype could be abrogated by the overexpression of a
dominant-negative Etk, indicating Etk is required for this
differentiation process.

Prostate cancer (PCA) represents the most frequently diag-
nosed malignancy in men. The growth of PCA cells can often
be modulated by peptide growth factors such as type a
transforming growth factor and cytokines such as interleukin
6 (IL-6). The signals that regulate the growth and apoptosis of
PCA, however, remain largely unexplored. In an effort to
define the pathways involved, we previously established a
tyrosine kinase expression profile of PCA and uncovered
several novel tyrosine kinases (1). Etk (epithelial and endo-
thelial tyrosine kinase) is one of them. This kinase was
independently cloned and isolated by Tamagnone et al. (2),
and referred to as Bmx. We shall thus use EtkyBmx and Etk
interchangeably in this report. Etk is preferentially expressed
in epithelial and endothelial cells including all PCA samples
thus far surveyed (ref. 2, Y.Q. and D.R., unpublished data).
Etk has a structure resembling the Btk family of kinases with
a pleckstrin homology domain (PH), an src homology 3 (SH3)
domain, an SH2 domain, and a catalytic (kinase) domain. The
other three members of this family are Btk (3, 4), Itk (5, 6), and
Tec (7). Btk (also known as BPK or ATK), the prototype of this

family of kinases, plays a pivotal role in B cell activation and
development (8). Likewise, ItkyTsk, the T cell analog of Btk,
is crucial in T cell development (6) and Tec is involved in IL-3
signaling in hematopoietic stem cells (7). These kinases are
found to be important in a variety of signal transduction
processes such as radiation-induced apoptosis, IL-induced
growth, and others (6, 7, 9–11). Most of the previously
described Btk family kinases are highly expressed in hemato-
poietic cells but not in epithelial cells. Our knowledge of the
role of Btk family kinases in signal transduction is therefore
very much limited to cells of hematopoietic origin. Etk, on the
other hand, has the reverse expression profile and is the only
member of this family expressed in epithelial cells (1, 2). Here,
we report the initial characterization of Etk and its potential
role in modulating prostate cell growth.

Recent structural analysis of Itk reveals that the regulation
of the Btk family of kinases is through the internal folding of
the molecule (12). In its native ‘‘closed’’ form, the SH3 domain
interacts with an adjacent proline-rich domain and the PH
domain with the kinase domain. Signaling molecules that bear
phosphotyrosine- and proline-rich domains can disrupt the
intramolecular interactions, resulting in the unfolding of the
kinase domain and leaving the potential phosphorylation sites
exposed to Src family kinases (13–15). Through intermolecular
transphosphorylation, the ‘‘pseudosubstrate’’ tyrosine within
the kinase domain is phosphorylated, and the subsequent
autophosphorylation leads to complete activation. Analogous
to the activation of the PH-containing serineythreonine kinase
Akt (16–18), this family of kinases may also be activated by
phosphotidylinositol-3,4,5 triphosphate, a product of phos-
photidylinositol 3-kinase (PI3-kinase), through binding to the
PH domain (19). In this paper, we show that Etk is an effector
of PI3-kinase, which in turn can be activated by the cytokine
IL-6.

IL-6 was initially identified as a regulator of immune and
inflammatory response. Recent studies suggest that IL-6 may
also play a role in regulation of PCA cell growth (20, 21). The
IL-6yIL-6 receptor autocrine loop seems to be present in all
PCA cell lines tested (20, Qiu et al. unpublished results). The
signals involved in PCA are largely unknown. In hematopoietic
cells, IL-6 induces the activation of the tyrosine kinase Jaky
Tyk2 (22), and consequently transcription factors STAT1 and
STAT3 (23). Additional pathways such as mitogen-activating

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked ‘‘advertisement’’ in
accordance with 18 U.S.C. §1734 solely to indicate this fact.

© 1998 by The National Academy of Sciences 0027-8424y98y953644-6$2.00y0
PNAS is available online at http:yywww.pnas.org.

Abbreviations: PI3-kinase, phosphatidylinositol 3-kinase; PCA, pros-
tate cancer; IL-6, interleukin 6; PH, pleckstrin homology; SH, src
homology; NSE, neuron-specific enolase; HA, hemagglutinin; RACE,
rapid amplification of cDNA ends.
Data deposition: The sequence reported in this paper has been
deposited in the GenBank database (accession no. AP045459).
‡To whom reprint requests should be addressed. e-mail: hxk5@
po.cwru.edu.

3644



kinase (24–26) and PI3-kinase (27) have been also implicated.
Whether similar pathways are activated in prostate epithelial
cells has yet to be determined.

We report here that Etk plays an important role in IL-6
signaling in PCA cells. We demonstrate that IL-6 induces the
activation of Etk and this activation is mediated by PI3-kinase.
In addition, we show that IL-6 induces profound morpholog-
ical changes resembling neuroendocrine differentiation in the
PCA cell line LNCaP. This differentiation process is accom-
panied by the heightened level of neuronal markers such as
neuron-specific enolase (NSE), and is dependent upon the
activity of Etk.

MATERIALS AND METHODS

Cell Culture, Transfection, and Selection. LNCaP cells
(American Type Culture Collection, Rockville, MD) were
maintained in RPMI1640 with 10% fetal bovine serum and
CV-1 ATCC) were maintained in DMEM with 10% fetal
bovine serum. Transfections were performed by using Lipo-
fectAmine (GIBCOyBRL) according to the manufacturer’s
instruction. At 24hrs posttransfection, the cells were serum
starved for 24 hr followed by treatment with IL-6 (Upstate
Biotechnology, Lake Placid, NY) as indicated in the figure
legends. The stable cell lines LN-EDN that overexpress the
dominant-negative Etk were obtained by selection for G418
resistance (600 mgyml) from the pool of LNCaP cells trans-
fected with pcDNA3-T7-EtkDN, and their identity was con-
firmed by Western blot analysis of total cell lysates by using
anti-T7 antibody. The morphology of the cells was recorded by
using a phase-contrast microscope under conditions described
in the figure legends.

Cloning, Plasmids, and Mutagenesis. The full length Etk
cDNA was cloned by using Marathone rapid amplification of
cDNA ends (RACE) kit (CLONTECH). Briefly, the polyA
RNA was isolated from human prostate xenograft CWR22 as
described (1). The cDNA synthesis and the ligation of the
adaptor followed the manufacturer’s protocol. The sequences
of the primers used for 59 RACE and 39 RACE are: 59-
CATACGTCTGACTTGCTGC-39 and 59-GACAAGGTAT-
GTTCTTGATG-39, respectively. The full-length Etk cDNA
was obtained by fusing the 59 and 39 RACE products together
by using the High Fidelity PCR system (Boehringer Mann-
heim). The full-length cDNA was digested with NotI and
cloned into pBSII, KS(1) (Stratgene). Three individual clones
were sequenced by using the sequencing kit provided by
United States Biochemical. Subsequently, full-length Etk was
subcloned into the NotI site of mammalian expression vector
pcDNA3 (Invitrogen) The T7-tag sequence or hemagglutinin
(HA)-tag sequence was added to the 59 of the coding sequence
of Etk by PCR using the primers: 59-GCGGTACCATGGC-
TAGCATGACTGGTGGACAGCAAATGGGTATGAA-
A39 or 59-GCGGTACCATGGCTTACCCTTATGATGTGC-
CAGATTATGCCTCCCGGGATACAAAATCTATTCTA-
G-39. The tagged Etk sequences were then cloned into
pcDNA3. All the mutants were generated by using PCR of the
mutated region followed by relegation back to the wild-type
construct lacking the corresponding region. The mutations
were confirmed by sequencing.

Antibodies. Antiserum against Etk was raised by immuniz-
ing the rabbits with purified glutathione S-transferase fusion
protein containing the amino acids 53–279 of Etk and devel-
oped by Cocalico Biological, Reamstown, PA. Anti-T7 anti-
body (Novagen), anti-HA antibody (Babco, Richmond, CA),
anti-NSE antibody, anti-pY antibody (Upstate Biotechnolo-
gy), and anti-p85 (Upstate Biotechnology) antibody were
purchased from the respective companies.

Immunoprecipitation, Western Blot Analysis, in Vitro Ki-
nase Assays. Immunoprecipitation and Western blot analysis
were followed the procedures described by Grasso et al. (28).

The in vitro kinase assays of Etk were performed as described
by T. Hunter (29). Briefly, the immunoprecipitates were
washed twice with Pipes and Nacl buffer (20 mM Pipes, pH
7.0y100 mM NaCl) and resuspended in 20 ml of the kinase
reaction buffer [30 mM Pipes, pH 7.0y10 mM MnCl2y10 mM
ATPy1 mM sodium orthovanadatey10 mCi g-32P-ATP (1 Ci5
37 GBq)] containing 5 mg enolase (Sigma). The reactions were
incubated at room temperature for 10 min and stopped by
adding equal volume of 23 SDS loading buffer.

RESULTS

The Cloning and Structure of EtkyBmx. We initially iden-
tified Etk as a kinase-domain reverse transcription–PCR frag-
ment derived from prostate carcinoma cells (1). Subsequently,
we cloned the full-length cDNA sequence by the RACE
method (30, 31). This cDNA has a 674-amino acid ORF. The
coding sequence of our clone is identical to that reported by
Tamagnone et al. (2); interestingly, these two clones differ
substantially in the 59 untranslated region (Fig. 1A), possibly
due to alternative splicing in different tissues. A schematic
diagram of the structure of EtkyBmx is shown in Fig. 1B. The
homology of the PH, SH2, SH3, and kinase domains to those
of the Btk family is indicated (Fig. 1B). It is noteworthy,
however, that Etk lacks the proline-rich region present in all
other members of this family, which has been implicated in an
intramolecular interaction with its adjacent SH3 domain (12).
Instead, Etk has a sequence that is composed of two 22-amino
acids repeats, which share about 70% homology to each other
(the sequence marked by arrows in Fig. 1C).

The Activation of Etk by IL-6. In hematopoietic cells, the Btk
family kinases are often activated by cytokine receptors,

FIG. 1. The structure of Etk/Bmx and its homology with the Btk
family kinases. (A) The 59 untranslated region of Etk is different from
that of Bmx (plain text). The coding regions of Etk and Bmx are shown
in boldface. (B) The domain-similarity of EtkyBmx with other Btk
family kinases are shown (based on the analysis using the GCG
program). The overall similarity is shown in the last column. PK(SH1):
protein kinase SH1. (C) Etk lacks the proline-rich region commonly
present in other Btk family kinases. The proline-rich sequences
PXXPXP are highlighted. The two 22-amino-acid repeats of Etk are
marked by arrows.
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antigen receptors or lymphoid-specific cell-surface receptors
(6, 7, 24, 26). Most of these receptors are absent in epithelial
cells. IL-6 and IL-6 receptors, however, are expressed in
prostate epithelial cells, and IL-6 has been shown to have a
profound effect on the growth of PCA cells. We therefore
explored the possibility that Etk could be activated by IL-6.
Treatment of LNCaP with IL-6 resulted in the activation of
Etk, as evidenced by the increased tyrosine-phosphorylation of
Etk in vivo (Fig. 2A), as well as in immune-complex kinase
assay (Fig. 2B). Furthermore, the in vitro kinase activity of Etk
toward an exogenous substrate such as enolase is significantly
increased (Fig. 2B).

To corroborate the above finding, we overexpressed a T7
epitope-tagged Etk cDNA in the CV-1 cell line. This cell line
is of epithelial origin and expresses endogenous IL-6 receptor.
As shown in Fig. 2C, immunoprecipitation with anti-T7-tag
antibody demonstrated increased Etk tyrosine phosphoryla-
tion following IL-6 treatment, both in vivo and in vitro. The
exogenous activity of Etk toward enolase was likewise in-
creased (Fig. 2D). To demonstrate that the observed kinase
activity was derived from Etk itself and not from other
associated kinases, lysine444 in the ATP binding pocket of Etk
was mutated to glutamine. As shown in Fig. 2 C and D, the
tyrosine phosphorylation of EtkK444Q (lanes KQ) is unde-
tectable, indicating that the tyrosine phosphorylation of Etk
induced by IL-6 is largely due to autophosphorylation.

The Activation of Etk by IL-6 via PI3-Kinase Pathway.
Having demonstrated that Etk can be activated by IL-6, we
wished to study that pathways were involved in the activation
of Etk. We initially noticed that IL-6 treatment of LNCaP led
to a significant increase in tyrosine phosphorylation of the p85
subunit of PI3-kinase and its kinase activity (data not shown).
Based on a recent study of Btk (19), its PH domain represents
a binding site for the PI3-kinase product, phosphoinositol-

triphosphate. We therefore tested whether IL-6 induced Etk
activation requires PI3-kinase activity. We did this in three
ways. First, the cells were pretreated with wortmannin, a
specific inhibitor of PI3-kinase (32). Then the effect of IL-6 on
tyrosine phosphorylation of Etk was examined. As shown in
Fig. 3A, in the presence of wortmannin, the Etk activity was
diminished to a level comparable to that of cells untreated with
IL-6. Second, a constitutively active PI3-kinase, p110 myr, was
developed by attaching a src myristylation site to the N
terminus of the catalytic subunit p110 (33). Coexpression of
p110 myr with Etk elevated the Etk activity (Fig. 3B). Finally,
a dominant negative p85-PI3-kinase, p85DN, was constructed
in which the domain that interacts with p110 was deleted (34).
Coexpression of Etk with p85DN in cells reduced the Etk
activity to basal level (Fig. 3C). These experiments taken

FIG. 2. Activation of Etk by IL-6 in LNCaP and CV-1 cells. (A)
IL-6 induces the tyrosine phosphorylation of Etk in LNCaP. The cell
extracts from the IL-6-treated(1) or untreated (2) cells were sub-
jected to immunoprecipitation by the antiserum against Etk respec-
tively, followed by Western blot analysis with anti-phosphotyrosine
antibody. (B) IL-6 stimulates the kinase activity of Etk in LNCaP. The
Etk immunoprecipitates from A were subjected to in vitro kinase assay
with enolase as a substrate. The phosphorylated Etk and exogenous
substrate enolase are indicated. (C) IL-6 induces tyrosine phosphor-
ylation of exogenous T7-tagged wild-type Etk (WT), but not
EtkK444Q mutant (KQ) in CV-1 cells. The CV-1 cells were transfected
by pcDNA3-T7-Etk (wild type) or pcDNA3-T7-EtkKQ, respectively.
The cell extracts from the IL-6-treated (1) or untreated (2) cells were
subjected to immunoprecipitation by anti-T7 antibody respectively,
followed by Western blot analysis with antiphosphotyrosine antibody.
(D) IL-6 stimulates the in vitro kinase activity of Etk in CV-1 cells. The
T7 immunoprecipitates from C were subjected to in vitro kinase assay.
The phosphorylated Etk and exogenous substrate Enolase are indi-
cated.

FIG. 3. IL-6 activates Etk through PI3-kinase. (A) Wortmannin
(Wort) blocks the activation of Etk by IL-6. The CV-1 cells were
transfected with pcDNA3-T7-Etk. At 24 hr posttransfection, the cells
were serum starved for 24 hr. The cells were then pretreated with 100
nM wortmannin (1) or dimethyl sulfoxide Mock (2) for 30 min
followed by IL-6 treatment for 30 min. The cell extracts were subjected
to immunoprecipitation by anti-T7 antibody respectively, followed by
Western blot analysis with antiphosphotyrosine antibody (Upper) and
anti-T7 antibody (Lower). The tyrosine phosphorylation of the T7-
tagged Etk is indicated. (B) A myrislated p110 activates Etk. The CV-1
cells were transfected by pcDNA3-T7-Etk in the presence (1) or
absence (2) of pcDNA3-p110 myr. At 24 hr posttransfection, the cells
were serum starved for 24 hr. The cell extracts were subjected to
immunoprecipitation by anti-T7 antibody respectively, followed by
Western blot analysis with anti-phosphotyrosine antibody (Upper) and
anti-Etk antibody (Lower). (C) A dominant negative p85 blocks the
activation of Etk by IL-6. The CV-1 cells were transfected with
pcDNA3-T7-Etk (wild type) or pcDNA3-T7-EtkDPH(deletion of PH
domain) in the presence (1) or absence (2) of pcDNA3-p85DN. At
24 hr posttransfection, the cells were serum starved for 24 hr followed
by IL-6 treatment for 30 min. The cell extracts from each treatment
were subjected to immunoprecipitation by anti-T7 antibody, followed
by Western blot analysis with antiphosphotyrosine antibody (Upper)
and anti-Etk antibody (Lower).
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together strongly suggest that IL-6 activates Etk via the
PI3-kinase pathway, and Etk is downstream from PI3-kinase.
The PH domain of Etk appears to be required for respond to
PI3-kinase, because deletion of PH domain leads to a consti-
tutively active Etk, which was no longer inhibitable by p85DN
coexpression (see Fig. 3C).

Modulation of Etk Kinase Activity by a Point Mutation in
Its PH Domain. The experiments described in the previous
section suggest that the PH domain regulates Etk kinase
activity presumably by binding phosphotidylinositol polypho-
sphates. In the case of Btk, several PH domain mutations have
been shown to associate with a hereditary immune disease,
X-linked agammaglobulinaemia (8, 35). A glutamate residue
(E41) in the Btk PH domain lies close to the predicted lipid
binding site (36) and substitution of this residue with lysine
(E41K) has a profound effect on the kinase activity of Btk (37).
This glutamate is also present in Etk. Substitution of this
glutamate residue of Etk (E42) with lysine significantly dimin-
ished the Etk kinase activity both in vivo and in vitro (Fig. 4 A
and B). This finding reaffirms the regulatory role of the PH
domain on kinase activity. Coupling this point mutation with
one in the ATP binding loop of kinase domain (K444Q), we
have developed a kinase-dead, dominant-negative mutant
EtkDN. As shown in Fig. 4 A and B, the in vivo and in vitro
kinase activity of EtkDaN mutant (lanes T7-EtkDaN) is
completely absent. Coexpression of EtkDaN with wild-type
Etk completely abolished Etk activity (Fig. 4C). This mutant

is particularly useful in studying the biological function of Etk
(see below).

IL-6 Induces Neuroendocrine Differentiation of LNCaP.
We observed the striking morphological changes associated
with IL-6 treatment of LNCaP. The treated cells became
rounded and sent out long, often branched, processes. This
effect was noted about 24 hr after treatment with 50 ngyml
IL-6 (cf Fig. 5 A and B), and became more pronounced after
72 hr (Fig. 5C). This phenomenon is reminiscent of the
neuroendocrine (NE) differentiation phenotype induced by
dibutyryl-cAMP as reported (38). To confirm that the IL-6-
treated LNCaP cells possess neuronal properties, we looked
for the expression of neuron-specific makers. The expression
of NSE, as determined by Western blot analysis, is significantly
elevated after IL-6 treatment (Fig. 5F). Other neuronal mark-
ers tested included neurofilaments and chromogranin A, all of
which showed strong immunostaining in LNCaP, reflecting the
neuroendocrine origin of this cell line (data not shown).

Etk Activity Is Required for IL-6-Induced Differentiation.
To test whether Etk plays a role in IL-6-induced NE differ-
entiation of LNCaP, we introduced the dominant negative
mutant of Etk (EtkDN) into LNCaP. In stark contrast with the
parental LNCaP, LN-EDN, the cells stably expressing Etk-
DaN, are resistant to IL-6 induced differentiation; .90% of
LN-EDN cells remained elongated, with scant process forma-
tion (see Fig. 5 D and E). In addition, the elevated expression
of NSE induced by IL-6 was blocked (Fig. 5F, LN-EDN panel).
The overexpression of EtkDN in LNCaP was confirmed by
Western blot analysis with anti-T7 antibody and its lack of
activity by immunoprecipitation with anti-Etk antibody, fol-
lowed by antiphospho-tyrosine blot analysis (data not shown).
These results point to the involvement of Etk in the neuroen-
docrine differentiation process.

DISCUSSION

This report provides several new insights into the regulation of
PCA cell growth. The first and foremost is the identification of
a new Btk family kinase, EtkyBmx, which is expressed in PCA
cells. In a previous study (2), Etk was detected in prostate
tissues; however it was not clear whether the relatively weak
signal was derived from prostate epithelial cells or from the
contaminating stromal cells. Here, we used an established
PCA cell line LNCaP that is androgen-sensitive and releases
prostate-specific antigen. This together with our previous
finding that Etk is expressed in a human prostate xenograft
provide conclusive evidence to the prostate origin of Etk. This
is significant, because no other Btk family kinases were de-
tected in prostate epithelial cells and Etk may therefore be
considered the epithelial analog of Btk. However, there are
several important structural differences between Etk and
other Btk family kinases, such as the presence of the 22-amino
acid repeats and the lack of the proline-rich region. Recent
structural analysis of Itk implicates the interaction between the
proline-rich motif and the adjacent SH3 domain in the tight
regulation of the kinase activity (12). It is unclear whether Etk
would be regulated in the same way. Although the PH domain
of Etk shares the high degree of homology (66%) with Btk,
their affinity toward inositol phosphates are quite different
(39). The equivalent point mutation (E42K in Etk, E41K in
Btk) resulted in opposite effects on the kinase activity (ref. 37,
this report), suggestive of different modes of regulation. We
are presently testing the effects of other Etk PH domain
mutations on the kinase activity.

IL-6 is a regulator of prostate growth and as shown here, an
effective agonist for Etk. Among the different signal pathways
known to be engaged by the IL-6 receptor, we found PI3-
kinase is capable of activating Etk. This was demonstrated by
using constitutively active p110-PI3-kinase and dominant neg-
ative p85-PI3-kinase as well as specific PI3-kinase inhibitor

FIG. 4. Modulation of Etk kinase activity by point mutations in PH
and kinase domains. (A) Substitution of glutamate 42 of Etk with
lysine diminishes the Etk activity in vivo. The CV-1 cells were
transfected with pcDNA3-T7-Etk (wild type), pcDNA3-T7-EtkE42K
or pcDNA3-T7-EtkDN (E42K1 K444Q). At 48 hr posttransfection,
the cells were lysed and cell extracts from each treatment were
subjected to immunoprecipitation by anti-T7 antibody, respectively,
followed by Western blot analysis with antiphosphotyrosine antibody
(Upper) and anti-Etk antibody (Lower). (B) In vitro kinase assays of the
immunoprecipitates from A reveals diminished kinase activity of
EtkE42K and abolished activity of EtkDN. (C) EtkDN is a dominant
negative mutant. The CV-1 cells were transfected with the plasmids
indicated. The ratio between the HA-tagged Etk plasmids and T7-
tagged Etk plasmids or vector (pcDNA3) used in the transfections is
1:4. At 48 hr posttransfection, the cells were lysed and cell extracts were
subjected to immunoprecipitation by anti-HA antibody respectively,
followed by Western blot analysis with antiphosphotyrosine antibody
(Upper) and anti-HA antibody (Lower).
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wortmannin. Given the similarity between the structure of Etk
and Btk, it is likely that Etk is also activated by binding of
phosphoinositides to the PH domain. Such a binding presum-
ably could translocate Etk to the membrane and facilitate the
formation of an active dimer, resulting in transphophorylation
and kinase activation.

Although the downstream pathways of Etk have yet to be
identified, one of the consequences of activation of this
pathway seems to be neuroendocrine differentiation. The
neuroendocrine components of certain prostate carcinomas
has long been recognized; neuroendocrine cells are present in
a high percentage of prostate carcinomas and tumor cells that
coexpress neuroendocrine markers and prostate-specific an-
tigen have been described (40–42). Perhaps most germane to
our finding is the interesting report by Bang et al., where they
showed that cAMP induces neuroendocrine differentiation of
LNCaP cells (38). These authors demonstrated in dibutyryl-
cAMP treated cells, extensive neurite-extension and expres-
sion of neuronal markers similar to this study. Recent work
further reveals the involvement of PKA in this induction
process (M. Cox and S. Parsons, personal communication).
Whether cAMP and IL-6 induction share the same signaling
pathway is presently unclear, although it is known that cAMP
is able to induce the transcription of IL-6 due to the presence
of four cAMP responsive element sites in the promoter region
of IL-6 (43). In this report, we further demonstrate that Etk is
a critical element in the differentiation process. This was
evidenced by introduction of a dominant negative Etk render-
ing LNCaP resistant to IL-6-induced differentiation. Elucida-
tion of the Etk pathway thus may also contribute to our
understanding of neuronal differentiation of prostate cells.
Our finding that the PI3-kinaseyEtk pathway is required for
the differentiation of LNCaP does not necessarily mean that it
is sufficient. It is likely that other pathways activated by IL-6
such as JakySTATs and mitogen-activating protein kinase are
also involved. We note that not all agonists that activate

PI3-kinase pathway induce neuronal differentiation of LNCaP
(28). Conversely, not all prostate cells that harbor Etk are
induced to differentiate by IL-6. This underscores the impor-
tance of the cellular context. A complete understanding of the
neuronal differentiation pathway of PCA cells would require
the knowledge of the downstream substrates of Etk as well as
the signal molecules in parallel pathways to which Etk cross-
talks.
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blocks the IL-6-induced morphological changes. LNCaP cells were transfected with pcDNA3-T7-EtkDN and selected in the presence of G418,
resulting in LNCaP cells overexpressing EtkDN (LN-EDN). (D) LN-EDN in serum-free medium; (E) LN-EDN treated with 50 ngyml IL-6 for
24 hr. (F) IL-6 induces the enhanced expression of NSE in LNCaP, but not in LN-EDN. 50 mg of the cell extracts from the IL-6-treated (1) or
untreated (2) LNCaP or LN-EDN were resolved on an SDSy7.5% polyacrylamide gel and followed by Western blot analysis using antibody specific
for NSE.
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